Flow behavior of vegetable-based infant purees was analyzed at different temperatures (5-65 °C) giving 61 particular attention to their time-dependent properties in a shear rate range (5-200 s -1 ). Power law model 62 parameters describing flow behavior of samples depended on kind of infant puree, its water content and 63 measurement temperature. Arrhenius model was used to explain temperature effect on apparent viscosity at 50 s -64 1 . Infant purees exhibited thixotropic behavior for all temperatures tested. For the same temperature, differences 65 in hysteresis loop magnitudes were observed among purees, being more noticeable at lower temperatures. Two 66 models were used to describe the time-dependent behavior, namely Weltman model, and second-order structural 67 kinetic model. For all infant purees, the initial shear stress and the extent of thixotropy increased and decreased 68 significantly with increases in shear rate and temperature. The breakdown rate of puree associations also 69 accelerated at higher shear rates, but no trend was observed with temperature.
Traditionally, infants have been supplemented by ready-to-eat formulated foods, commonly known as 75 weaning foods (Ahmed and Ramaswamy, 2006a). Numerous weaning food preparations are marketed to satisfy 76 different age groups and nutritional needs, and the majority of these foods are semisolid in nature making them 77 easy to handle and feed to infants (Ahmed and Ramaswamy, 2006b). At present, Spanish formulations 78 manufactured by a prominent and well-recognized manufacturer of baby foods in Europe contain different 79 ingredients, and commonly include corn starch, olive oil and salt appropriately mixed with different vegetables 80 and meat products (ranging between 11-12% w/w).
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Strained purees are obtained by processes that include both heat treatment and tissue destructuration and 
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Formulation of a food product specifies the molecules that go into it, and the processing of these molecules 91 leads to the formation of structures. Ingredients are themselves an assembly of molecules with associated 92 structures (and textures) which can be modified, if these ingredients are combined with others and/or further 93 processing is employed (Borwankar, 1992) . Rheological studies contribute to our knowledge of the molecular 94 structure or distribution of the molecular components of foods, as well as enabling us to predict the structural 95 changes of food during the manufacturing processes (Koocheki and Razavi, 2009). When a material is sheared at 96 a constant shear rate, the viscosity of a thixotropic material will decrease over a period of time, implying a 97 progressive breakdown of structure (Abu-Jdayil, 2003) . In addition, the characterization of time-dependent 98 rheological properties of food systems is important to establish relationships between structure and flow, and to 99 correlate physical parameters with sensory evaluation (Figoni and Shoemaker, 1983) . Most food products are of 100 a complex rheological nature, and their viscosity does not depend only on shear rate but also on the times that 101 shear is applied. 
where σ is the shear stress (Pa),  is the shear rate (s -1 ), K is the consistency index (Pa s n ), n is the flow 169 behavior index (dimensionless) and σ 0 is the yield stress (Pa). The effect of temperature on apparent 170 viscosity was described by the Arrhenius relationship:
where  a is the apparent viscosity at a specific shear rate (50 s -1 ),  A  is the frequency factor, E a is the 173 activation energy (J mol -1 ), R is the gas constant (J mol -1 K -1 ), and T is temperature (K).   The TSS content of each of the different purees, namely rice and chicken, selected vegetable with bass, 220 vegetables and beef, and vegetables and chicken purees was 11.2, 11.1, 9.2 and 9.5 g/100 g (w/w), respectively.
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It should be noted that the SD for the consistency coefficient in the Hershel-Bulkley model was higher than 280 that in the power law model for the following purees: selected vegetables with bass, vegetables and beef, and 281 vegetables and chicken (Table 2) . Nevertheless, although the power law model does not take into account yield 282 stress, the model fitted the data quite well (R 2 ≥ 0.99), and for rice and chicken puree, the degree of fit was 283 higher than that obtained for the rest of the purees (R 2 = 1.00). The inclusion of olive oil in the formulation of 284 these baby foods in percentages ranging from 1.3 to 2 (Table 1) 
289
The results of the two one-way variance analysis showed that the kind of baby food and the measurement 290 temperature, as well as the interaction between these two factors significantly affected the time-independent 291 rheological parameters (Table 2) . Consistency coefficient and yield stress values, together with apparent 292 viscosity at 50 s -1 were the lowest for rice and chicken puree with the highest moisture content (17.2%) and 293 syneresis (42.4%). These same parameters were highest for vegetable and chicken puree with lower water suggested that flow resistance in meat and fish infant foods is mainly due to protein gel formation, produced by 314 molecular interaction between protein molecules through hydrogen bonding, ionic bonding, disulfide bonding 315 and hydrophobic association, although the authors did not give any data about product composition. In this 316 study, rice and chicken and vegetables and chicken purees had the lowest and highest viscous properties 317 respectively, in spite of both containing meat proteins from the same specie. Furthermore, the chicken content of 318 rice and chicken puree (12%) is higher than that for vegetables and chicken (11%). In turn, vegetables and beef 319 puree has the highest total protein content (3.4 g/100 g), but also the smallest amount of carbohydrates (6.5 320 g/100 g) (Table 1) . Certainly, the total protein content of vegetable-based infant foods would appear to be too 321 low and similar to justify that protein content alone is responsible for the different rheological behavior observed 322 between the samples. On the other hand, because pseudoplasticity is related to the average size of the particle of 
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Temperature significantly affects the viscosity of vegetable-based infant purees which decreases when 328 temperature increases. In this study, both consistency coefficients, yield stress and apparent viscosity decreased 329 when the temperature was increased ( The hysteresis loop areas for all the baby food purees under investigation at different temperatures are 364 shown in Table 3 . The two-way analysis of variance showed that the kind of puree and the temperature, as well 365 as their interaction significantly affected the hysteresis loop area, which was larger in vegetables and chicken 366 puree and smaller, in rice and chicken puree, implying more and less damage to the structures respectively. For 367 13 the same temperature, differences in the form ( Fig. 3 ) and magnitude of the hysteresis loop (Table 3) were 368 observed among vegetable-based infant purees, these differences being more noticeable at 5 °C. However, the 369 significance of the interaction when considering the kind of puree sample and temperature as factors, and with 370 the corresponding F value (F int ) being 94.76 (p = 0.000), indicated that the effect of temperature on this area was 371 different depending on the type of infant puree. As expected, the loop area was significantly smaller at the higher 372 temperatures for all the samples. As a result, the hysteresis loop area became smaller as the temperature 373 increased from 5 to 65 °C for each infant puree. This probably indicates that the temperature effect on molecular 374 structure damages the puree suspension. However, while the areas obtained at 65 °C were less than half the 375 values at 5 °C for rice and chicken puree, these areas at 65 °C were less than a quarter of the values at 5 °C for 376 the rest of the vegetables-based infant purees (Table 3) thixotropic areas, a significant kind of baby food-temperature interaction (F int = 6.69, p = 0.000) was also found.
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At the higher temperature (65 °C), for selected vegetables with bass, vegetables and beef and vegetables and 391 chicken purees, the relative areas were smaller but the decrease with respect to the values at 5 °C was lower than 392 that for the directly registered loop areas (Table 3) . Conversely, for rice and chicken puree, the relative 393 thixotropic areas increased as the temperature increased. This increase indicates that in rice and chicken puree 394 the areas under the upstream data points decrease with temperature more significantly than their corresponding 395 hysteresis loops, thus supporting the results obtained for time-independent flow behavior. Furthermore, the 396 differences between samples were not the same when the relative areas were compared. Assuming that a 397 hysteresis loop area is an index of the energy needed to destroy the structure responsible for flow time 398 dependence, the experimental data showed that at 5, 20 and 35 °C vegetables and chicken puree was the one 399 needing the highest energy to break down such structure, while if the relative areas are considered the highest 400 energy values at the same temperatures were shown by vegetables and beef puree.
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The power law model was also used to describe the shear stress and shear rate data obtained at the CSR 402 mode. The model exhibited a better fit when the descending curves were considered. (Table 2) . As expected, the consistency coefficients had lower values for the down curves in CSR mode (Table   408 3) than for the up ones using the CSS approach, while the values of the flow behavior index were greater for the 409 downstream data points. In each puree type, consistency coefficient, K, significantly decreased with temperature.
410
Unlike consistency coefficient, n increased significantly with increasing temperature, the only exception being 411 the vegetables and beef puree. (Table 4 ). This result is ascribed to a tiny build-up at low shear rates. Also, stress decay in selected vegetables 429 with bass puree fitted rather poorly to the Weltman model at 65 °C ( (Tables 4, 7) , which were less than one-third at 65 °C than at 5 443 °C. It is interesting to note that the A and B values were higher for selected vegetables with bass puree (Table 5) 444 than for vegetables and beef (Table 6) (Table 4 ). In the case of selected vegetables with bass and vegetables and beef purees (Tables 5   453 and 6 respectively), power law models were also the most adequate to characterize variations in A as a function 454 of  However, logarithmic models were certainly found to describe better the dependence of B on shear rate at 455 some of the temperatures used. In the case of vegetables and chicken puree (Table 7) , both logarithmic and 456 power models were found to be satisfactory, dependent on temperature to describe variations in A as a function 457 of  although these models had lower R 2 than those fitted for A in the rest of the purees. Moreover, a 458 logarithmic model described the dependence of B on shear rate only at 35 °C (Table 7) .
459
In order to use the Arrhenius approach to describe the effect of temperature on the flow behavior of in the initial stages of shear (Fig. 5 ). This implies that the configuration of polysaccharides and proteins in the 485 suspensions is changed by the shearing force. Toward the end of the 40 min shearing period, the viscosity tended 486 towards a plateau, especially at higher temperatures. Analogously, viscosity tends to decay towards an 487 equilibrium viscosity more rapidly at high shear rates, which is lower than that at low shear rates.
488
The equilibrium viscosity, η e , was determined as outlined by Butler and McNulty (1995) (Table 4 ). This means that the breakdown rate of the structure subjected to 509 external shear stress increased with increasing applied shear stress, and exponential power law models were also 510 found to describe this dependence of k on shear rate at each temperature studied. The effect of shear rate on k 511 values was the same for the rest of the baby foods studied, increasing significantly and exponentially with shear 512 rate at temperatures ranging between 5 and 50 °C (Tables 5-7) . Previous studies have also shown that for stirred 513 yogurt, k could be related to shear rate using power law models (O'Donnell and Butler, 2002). In turn, the extent 514 of hysteresis increased significantly as shear rate increased in the temperature range of 5 to 50 °C for rice and 515 chicken puree, although η 0 /η e decreased significantly with shear rate at 65 °C (Table 4 ). Nguyen et al. (1998) 516 also found that η 0 /η e decreased with increasing shear rate. For selected vegetables with bass and vegetables and 517 beef purees, the value of η 0 /η e also increased significantly with shear rate in the same range of 5 to 50 °C (Tables   518   5, 6 ). Finally, for vegetables and chicken puree, η 0 /η e again tended to increase with shear rate, but in this case the 519 highest values did not always correspond with the highest shear rate.
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It should be stated that at 65 °C, for selected vegetables with bass, vegetables and beef, and vegetables and 521 chicken purees, the shear stress decay data could not be fitted to the second-order SKM for most shear rates as 522 viscosity increased towards the end of the 40 min shearing period. This fact is ascribed to increased extent of 523 structuring due to water loss suffered by the samples under the experimental conditions used in this study, which 524 impeded the estimation of the value of η e in these cases. However, this effect was not detected during shearing, 525 in rice and chicken puree, probably due to the fact that this product has higher moisture content. In contrast, meat and protein, together with fat and fiber from different sources. In rice and chicken puree (Fig. 7a) , it would 547 appear that finer grinding produced a more homogeneous, regular microstructure, with amylose and amylopectin 548 released from gelatinized starch granules forming a reticular network, closely resembling an emulsion and with 549 less appreciable protein structures. Although starch granule integrity is expected to be lost during the 550 manufacturing process (cooking), some gelatinized starch granules which were not broken down are still 551 recognizable. In this study, the finer the particle sizes were the lower the flow rheological properties, as observed 552 in the case of rice and chicken puree.
553
The presence of meat protein structures was more apparent in micrographs corresponding to the other three 554 vegetable-based infant foods studied ( Figs. 7b-d) as they had all been more coarsely ground, especially in the 555 case of vegetables and chicken puree. In this product the protein network structure was more continuous and 556 dense (Fig. 7d) , and much less dispersed in the starch component matrix. This transition to a more discontinuous 557 phase containing structures which were coarser, more irregular, compact and aggregated is reflected by a very 558 significant increase in flow rheological properties in comparison to the rest of the baby food systems. The 559 microstructures of selected vegetables with bass ( Fig. 7b ) and vegetables and beef (Fig. 7c) 
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This fact is ascribed to the lower degree of homogenization observed in this baby food. The rate and extent of 589 viscosity decay were also higher at the higher shear rate, but the amount of structural breakdown of infant purees 590 showed no tendency to either increase or decrease with temperature. In view of the above results, the factors that A/    E a = 13.94 kJ mol -1 0.94 A-E For the same column and for the same shear rate and parameter means without the same letter are significantly different (P < 0.05) according to the LSD multiple range test. A/    E a = 15.83 kJ mol -1 0.84 A-E For the same column and for the same shear rate and parameter means without the same letter are significantly different (P < 0.05) according to the LSD multiple range test. 
